To assess the role of endogenous hormonal factors on melanoma, the authors conducted a prospective analysis of 91,972 French women, aged 40-65 years at inclusion into the Etude Epidé miologique auprè s de femmes de l'Education Nationale (E3N) cohort. Between 1990 and 2005, 460 melanoma cases were ascertained. Relative risks and 95% confidence intervals were computed by using Cox proportional hazards regression models. Risks of melanoma were reduced in women with 15 years at menarche (relative risk (RR) ¼ 0.67, 95% confidence interval (CI): 0.46, 0.97, compared with 13-14 years), irregular menstrual cycles (RR ¼ 0.52, 95% CI: 0.31, 0.89, compared with regular cycles of 25-31 days), <48 years at natural menopause (RR ¼ 0.70, 95% CI: 0.48, 1.02, compared with 48-51 years), and shorter ovulatory life (RR ¼ 0.51, 95% CI: 0.28, 0.91, for <33 years compared with 39 years). Modest inverse associations were observed with parity, as well as number of pregnancies and miscarriages. There was no evidence of an association between melanoma risk and age at first birth or pregnancy, age at last birth, time since last birth, breastfeeding duration, age at menstruation regularity, or menopausal status. Results did not significantly differ according to ambient ultraviolet radiation dose and melanoma site or subtype. These findings from a large prospective cohort may suggest a reduced melanoma risk associated with decreased exposure to ovarian hormones. cohort studies; hormones; melanoma; menarche; menopause; menstrual cycle; reproductive history Abbreviations: CI, confidence interval; E3N, Etude Epidé miologique auprè s de femmes de l'Education Nationale; RR, relative risk.
The incidence of cutaneous melanoma has risen considerably in Caucasian populations around the world during recent decades (1) . Some authors have hypothesized a hormonal dependence of melanoma, mostly on the basis of early case reports and incidence data (2) . Subsequently, several epidemiologic studies reported a reduced melanoma risk with higher parity and a higher risk with higher age at first livebirth and use of oral contraceptives (3) (4) (5) (6) . Overall, however, epidemiologic evidence for associations between endogenous hormonal factors and melanoma risk is inconclusive. Most reports have been based on case-control studies (4, (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) or have relied upon record linkage without adjustment for the established melanoma risk factors (6, 21, 22) , and few prospective studies are available (5, (23) (24) (25) . Moreover, different anatomic sites and histologic types of melanoma have been associated with distinct characteristics and exposures (26) , but few studies have been able to examine the relations between melanoma and hormonal factors according to tumor site and type. The purpose of our study was to investigate the potential influence of endogenous hormonal factors on melanoma risk in women by using data from the Etude Epidémiologique auprès de femmes de l'Education Nationale (E3N), a large prospective cohort.
MATERIALS AND METHODS

The E3N cohort
The E3N is a prospective cohort involving 98,995 French women, aged 40-65 years at inclusion and insured by a national health insurance plan primarily covering teachers.
Participants were enrolled in 1989-1991 after returning an informed consent and replying to a baseline selfadministered questionnaire on their lifestyle and medical history. Follow-up questionnaires were sent every 2-3 years thereafter and addressed medical events such as cancer, which were confirmed though pathology reports.
Data collection
Endogenous hormonal factors. Age at menarche was collected in the 1990 and 1992 questionnaires, while menstrual cycle length during midlife and age at menstrual cycle regularity were collected in 1992. Parity, number of pregnancies (including births, miscarriages, ectopic pregnancies, and induced abortions), age at each pregnancy, history of miscarriages, and breastfeeding status and duration for each livebirth were collected in the 1990 and 1992 questionnaires. Menopausal status and age at menopause were available at inclusion and in each follow-up questionnaire. Women were considered postmenopausal if they reported 12 consecutive months of amenorrhea, bilateral oophorectomy, use of menopausal hormone therapy, or being postmenopausal. When age at natural menopause was considered, women with artificial menopause or unknown natural/artificial menopausal status were excluded. We also considered length of ovulatory life, computed as age at natural menopause minus age at menarche.
Other factors. The baseline questionnaire collected data on education and pigmentary traits such as hair color (red, blond, chestnut, brown, black), skin complexion (very fair, fair, medium, dark, very dark), numbers of nevi and freckles (none, few, many, very many), and skin sensitivity to sun exposure (none, moderate, high). That questionnaire also collected data on regions of birth and of residence at baseline, which we linked to a database containing mean daily ultraviolet radiation dose in French departments obtained from the Joint Research Centre of the European Commission (27) . Histories of endometriosis and uterine fibroma were available in the 1992 questionnaire and were then updated at each follow-up, along with procedures allowing detection and/or treatment for these conditions. Data on weight were available in each questionnaire, and height was collected in the questionnaires sent at baseline and in 1995, 2000, and 2002, which allowed us to compute a body mass index (calculated as weight (kg)/height (m)
2 ) at each follow-up. Data on hormonal treatments (oral contraceptives, menopausal hormone therapy, and oral progestagens taken alone before menopause) were available in each follow-up questionnaire starting from 1992.
Data reproducibility. Among participants for whom age at menarche was available in both questionnaires (n ¼ 79,282), the kappa coefficient was 0.68, which represents substantial agreement between the 2 measures (28). The validity of menopausal status and age has previously been tested in a random sample of 151 women in our cohort by comparing self-report from the participants and medical records from their gynecologists (29) . The kappa coefficient for menopausal status was 0.85. Among the 57 women that were menopausal according to both sources, the weighted kappa coefficient was 0.64 for age at menopause. Regarding menopausal hormone therapy use, the kappa coefficient was 0.74 between self-reported use in the 2005 questionnaire and data from reimbursement files concomitantly provided by medical insurance. In addition, a former validation study in our cohort yielded a correlation coefficient of 0.92 between selfreported and technician-measured body mass index (30) .
Population for analysis
Participants who reported a history of cancer other than basal-cell carcinoma at baseline (n ¼ 4,788), those who were lost to follow-up from baseline (n ¼ 2,207), or who reported to have never menstruated (n ¼ 28) were excluded, leaving us with a final sample of 91,972 women. Womenyears were computed from the date of return of the first questionnaire to the date of melanoma diagnosis, date of diagnosis of any other cancer, date of death, date of last questionnaire returned, or date of end of follow-up (July 7, 2005), whichever occurred first.
Statistical analysis
Statistical analyses were performed by using the SAS, version 9.1, statistical package (SAS Institute, Inc., Cary, North Carolina). Relative risks and 95% confidence intervals were estimated by using Cox proportional hazards regression models with age as the time scale. The association between endogenous hormonal factors and melanoma risk was assessed in age-adjusted models and then in multivariate models additionally adjusted for pigmentary characteristics (hair color, skin complexion, number of nevi, number of freckles, skin sensitivity to sun exposure), mean daily ultraviolet radiation dose over spring and summer in regions of birth and of residence at baseline, and education. We further adjusted this multivariate model separately for each of the following: 1) history of endometriosis and 2) history of uterine fibroma, because we had identified positive associations between these conditions and melanoma in a previous report (31) . In the latter models, we excluded endometriosis (n ¼ 5) and uterine fibromas (n ¼ 27) that occurred before menarche because these conditions are rare before puberty, as well as those that were not reported as treated or diagnosed through a specific procedure (endometriosis: n ¼ 511; uterine fibromas: n ¼ 3,628); 3) quartiles of body mass index (<20.5, 20.5-21.9, 22.0-23.8, 23.9 kg/m 2 ); 4) oral contraceptive use (ever, never); 5) menopausal hormone therapy use (ever, never) in postmenopausal women; and 6) use of progestagens taken alone before menopause (ever, never). History of endometriosis or fibroma, body mass index, use of hormonal treatments, menopausal status, and age at menopause were considered as timedependent variables. Age at first birth or pregnancy, age at last birth, and time since last birth were categorized into quartiles. Where relevant, we performed tests for linear trend using an ordinal score for each factor. Using the same methods, we stratified our results according to menopausal status and according to median daily ultraviolet radiation dose over spring and summer in regions of birth and of residence at baseline. We then performed stratification according to tumor site and subtype using competing-risks models (32) . Tests for homogeneity were performed to compare estimates over strata. Missing data were excluded for each endogenous hormonal factor separately, and numbers are provided as footnotes in the tables. For adjustment variables, missing values were imputed to the modal category if occurring in <5% of observations; otherwise a missing category was created. All P values were 2 sided.
RESULTS
A total of 460 melanoma cases were ascertained over 1,207,674 women-years. Pathology reports could be obtained for 95% of melanomas, and a total of 80.8% were invasive tumors. Characteristics of cases and noncases are described in Table 1 .
Main analyses
Reproductive factors. Nulliparous women did not significantly differ from parous women with regard to melanoma risk ( Table 2 ). There was a marginally significant decreased risk of melanoma in parous women with 3 births, as compared with parous women with <3 births (relative risk (RR) ¼ 0.85, 95% confidence interval (CI): 0.68, 1.05). There was no evidence of an association between age at first birth and melanoma risk. Results for pregnancies were similar to those observed with parity. A history of miscarriages was associated with a marginally significant decreased melanoma risk (RR ¼ 0.81, 95% CI: 0.62, 1.05). We found no evidence of an association between melanoma risk and age at last birth, time since last birth, or cumulated breastfeeding duration.
Menstrual factors. Late age at menarche (i.e., 15 years) was significantly associated with a decreased melanoma risk (RR ¼ 0.67, 95% CI: 0.46, 0.97, compared with 13-14 years; P trend ¼ 0.30) ( Table 3) . While menstrual cycle length per se was not significantly associated with melanoma risk, women reporting irregular menstrual cycles were significantly at decreased risk (RR ¼ 0.52, 95% CI: 0.31, 0.89, compared with regular cycles of 25-31 days). There was no significant association between melanoma risk and age at menstrual cycle regularity, however. Further, although menopausal status was not associated with melanoma risk, we found a marginally significant inverse association between Results regarding reproductive and menstrual factors were generally not substantially modified after additional adjustment for history of endometriosis, history of uterine fibroma, body mass index, or use of hormonal treatments (refer to Web Table 1 , the first of 3 Web tables, posted on the Journal's Web site (http://aje.oupjournals.org/)). However, after additional adjustment for menopausal hormone therapy use in postmenopausal women, associations were slightly stronger between melanoma risk and age at menarche (15 
Stratified analyses
Stratification of analyses according to menopausal status yielded no significant heterogeneity ( Table 4 ). The relation between parity and melanoma risk was slightly stronger in pre-than in postmenopausal women, and the association between melanoma risk and number of pregnancies was marginally significant in premenopausal women (RR ¼ 0.67, 95% CI: 0.44, 1.00), without significant heterogeneity according to menopausal status. The relations between melanoma risk and age at menarche and irregularity of menstrual cycles were significant in postmenopausal women only, but estimates were based on a low number of cases in premenopausal women, and there was no evidence for heterogeneity according to menopausal status. In addition, we found no evidence for heterogeneity in estimates overall according to median daily ultraviolet radiation dose in regions of birth or of residence at baseline (data not shown).
When stratifying according to melanoma site, nulliparity was positively associated with trunk melanoma, while it was inversely associated with head and neck melanoma (P homogeneity ¼ 0.04), although estimates were not significant (Web Table 2 ). Because of small numbers in some subgroups, it would be difficult to draw conclusions regarding site-specific risk; however, the associations between melanoma risk and menstrual factors were generally similar across sites, except for age at menarche and age at natural menopause, for which risk estimates were close to unity in head and neck melanomas, and in both head and neck and trunk melanomas, respectively. When examining estimates according to histologic type of melanoma, we found no evidence of heterogeneity (Web Table 3 ). Results were mostly driven by the largest subgroup (superficial spreading/nodular melanoma). Here again, although numbers were small, the associations regarding menstrual factors were comparable across subtypes, except for menstrual cycle irregularity, which was positively associated with risk of lentigo maligna/lentigo maligna melanoma, contrary to what was observed in the main analyses. Length of ovulatory life was also positively associated with melanomas of unknown/rare subtype.
DISCUSSION
The findings from this large prospective cohort suggest a significantly reduced risk of melanoma associated with later menarche, menstrual cycle irregularity, earlier age at natural menopause, and, in women in whom menopause occurred naturally, shorter length of ovulatory life. A modestly Table continues decreased risk was also found with parity, number of pregnancies, and history of miscarriages. Our findings regarding menarcheal age are in agreement with those from 3 case-control studies: a Danish study suggesting a decreased risk in women aged 16 years at menarche compared with <13 years (17); a French study in which menarche occurring between 10 and 13 years was associated with greater melanoma risk compared with menarche at 14 years (14); and a Canadian study reporting an 18% decrease in risk with each additional year of menarcheal age (7). In contrast, 2 case-control studies, from the United States and Australia, showed a positive relation (9, 10), while 3 others reported no evidence of an association (8, 13, 23) . The association between melanoma and menstrual cycle length or regularity has rarely been explored, with no prospective data available. Thus, although a Canadian case-control study reported shorter cycles in melanoma cases compared with controls (7), a US investigation found no association between menstruation irregularity and melanoma (11) . We found no significant association between menopausal status and melanoma risk, consistent with most previous reports (10, 16, 17, 23) . However, the validity of these findings is questionable, given the high probability that these relations are confounded by age. Regarding age at menopause, although most studies reported no significant association with melanoma (7, 8, 12, 16, 18) , one US study reported a 3.6-fold significantly increased risk of superficial spreading melanoma in women aged 55 years at natural menopause compared with 49 years (10) . That finding is consistent with our results but contrasts with those from a Danish study reporting a significantly decreased risk in women with natural menopause occurring at 45 years compared with earlier (17) . The association between length of ovulatory life and melanoma was investigated in 4 studies, which used different calculations and mostly included premenopausal women. Most found no evidence of an association (10, 15, 17) , but our findings are consistent with those from an Australian study that reported a significantly positive relation (9) .
Most previous studies have reported an inverse relation between parity and melanoma risk (4, 6, 8, 17, 19, 20, (22) (23) (24) (25) . Our results confirm this association, although our finding was only marginally significant. We also observed an inverse relation between melanoma risk and total number of pregnancies. Although we observed a modest inverse association between history of miscarriages and melanoma, 2 previous studies found no evidence of an association (11, 17) . Regarding age at first birth, most studies yielded positive relations (4, 6, 9, 12, 16, 21, 22), while we found no evidence of an association with melanoma risk, similarly to Abbreviations: CI, confidence interval; E3N, Etude Epidé miologique auprè s de femmes de l'Education Nationale; RR, relative risk. a Tests for linear trend were performed by using an ordinal score for each factor. b Totals do not add up because missing values were deleted for each factor separately: There were 699 (0.8%) missing values for nulliparity; 40 (0.1%) for parity; 369 (0.5%) for age at first birth; 624 (0.7%) for ever being pregnant; 1,072 (1.3%) for number of pregnancies; 308 (0.4%) for age at first pregnancy; 9,205 (11.1%) for history of miscarriages; 9,159 (11.4%) for age at last birth and time since last birth; and 9,303 (11.6%) for breastfeeding duration.
c Adjusted for age, hair color, skin complexion, number of nevi, number of freckles, skin sensitivity to sun exposure, mean ultraviolet radiation dose in regions of birth and of residence at baseline, and educational level.
d In parous women. e In ever pregnant women.
3 other studies (8, 11, 19) . We found no significant association between age at last birth and melanoma, unlike an Italian case-control study that reported a significant doseresponse relation (16) . We also found no evidence of an association between time since last birth and melanoma risk, which is consistent with the results from a Swedish retrospective cohort (6) but contrasts with those from a Danish prospective analysis, in which time since last birth of 15 years was associated with a significant 20% increase in risk compared with <10 years (21) . However, time since last birth was generally elevated in our study population, which may have reduced our ability to observe such risk variation. One study explored the relation between cumulated breastfeeding duration and melanoma and showed no evidence of an association (7), consistent with our findings. To our knowledge, no previous study has examined endogenous hormonal factors in relation to melanoma according to menopausal status. Our results should be interpreted Abbreviations: CI, confidence interval; E3N, Etude Epidé miologique auprè s de femmes de l'Education Nationale; RR, relative risk. a Tests for linear trend were performed by using an ordinal score for each factor. b Totals do not add up because missing values were deleted for each factor separately: There were 1,375 (1.5%) missing values for age at menarche; 853 (0.9%) for menstrual cycle length; 1,251 (1.4%) for age at menstrual cycle regularity; 1,232 (1.3%) for menopausal status; 3,148 (4.1%) for age at natural menopause; and 989 (1.3%) for length of ovulatory life.
d P trend excludes irregular cycles. e In postmenopausal women with natural menopause.
with caution, however, given the small sample size of the premenopausal subgroup, the low number of cases in extreme subgroups, and the lack of heterogeneity between pre-and postmenopausal women. Although we found differential melanoma risks in relation to nulliparity according to the anatomic site of melanoma, 2 studies reported no differential associations with parity, age at first birth, or number of pregnancies (19, 20) . The associations that we observed between melanoma and menstrual factors in the main analyses were generally similar across body sites, although there were no associations between age at menarche and head and neck melanoma and between age at natural menopause and melanomas of the head and neck and of the trunk, most likely because of small numbers. Previous studies generally reported no subtype-specific associations (4, 11, 17, 20) . However, a Canadian study showed a positive association between age at menarche 15 years compared with <13 years and nodular melanoma (8) , and a US study reported a significantly higher risk of superficial spreading melanoma in women aged 55 years at natural menopause compared with 49 years, as well as a significantly increased risk of nodular melanoma in women with longer time since natural menopause (10). While our findings were generally similar across subtypes, menstrual cycle irregularity was positively associated with lentigo maligna/lentigo maligna melanoma. Although numbers were small, this association should be investigated further.
Regarding menstrual factors, our data may suggest that reduced exposure to ovarian hormones is associated with a reduced melanoma risk. These associations for melanoma are consistent with those observed for breast cancer. Women with earlier menarche and later menopause, and thus potentially higher exposure to ovarian steroids, were shown to be at increased breast cancer risk (33, 34) . In addition, menstrual irregularity has been suggested to reflect anovulatory cycles and reduced exposure to sex hormones (35) . These observations are consistent with earlier work showing that sex hormones have an impact on skin pigmentation (36), as is Table continues the observation of hormonal receptors in melanocytic lesions (37) , with a higher expression of estrogen receptor b with degree of invasiveness in melanomas (38) . However, although we observed a reduced risk of melanoma in the categories of menstrual factors reflecting reduced exposures to female hormones, this interpretation should be tempered by the facts that there was no clear dose-dependent trend across subgroups and that some of the associations observed relied on relatively small categories. Interestingly, our results regarding menarcheal and menopausal ages were stronger after adjustment for menopausal hormone therapy use, potentially because of an influence of menopausal hormone therapy on melanoma risk, which will be investigated further. Regarding reproductive factors, the inverse associations between breast cancer risk and number of births and age at first birth have been suggested to be due to pregnancy Abbreviations: CI, confidence interval; E3N, Etude Epidé miologique auprè s de femmes de l'Education Nationale; RR, relative risk. a Tests for linear trend were performed by using an ordinal score for each factor. b Totals do not add up because missing values were deleted for each factor separately: There were 699 (0.8%) missing values for nulliparity; 40 (0.1%) for parity; 369 (0.5%) for age at first birth; 624 (0.7%) for ever being pregnant; 1,072 (1.3%) for number of pregnancies; 308 (0.4%) for age at first pregnancy; 9,205 (11.1%) for history of miscarriages; 9,159 (11.4%) for age at last birth and time since last birth; 9,303 (11.6%) for breastfeeding duration; 1,375 (1.5%) for age at menarche; 853 (0.9%) for menstrual cycle length; and 1,251 (1.4%) for age at menstrual cycle regularity.
c Test for homogeneity in estimates between pre-and postmenopausal women. d Adjusted for age, hair color, skin complexion, number of nevi, number of freckles, skin sensitivity to sun exposure, physical activity, and mean ultraviolet radiation dose in regions of birth and of residence at baseline. Additionally adjusted for menopausal hormone therapy in postmenopausal women.
e In parous women. f In ever pregnant women. g P trend excludes irregular cycles.
hormones conferring early and increased differentiation of the mammary gland, thus reducing the number of susceptible cells that can undergo malignancy (39) . Given our results of a marginally significant inverse association between melanoma and parity, this pathway may also be applicable to melanoma. However, some part of the association could be explained by confounding through sun exposure or socioeconomic factors. It has indeed been suggested that the inverse associations that have been repeatedly reported between melanoma risk and parity and age at first birth may reflect lower sun exposure levels, with 2 particular studies showing a similar relation between number of children and melanoma risk in women and in men (21, 25) . Strengths of our study include the large sample size, the prospective design with collection of endogenous hormonal factors at inclusion (thus prior to melanoma diagnosis), and the long duration of follow-up. Except for number of births, our study regarding other endogenous hormonal factors is to date the one that includes the largest number of melanoma cases within a prospective design. We had access to detailed data on reproductive and menstrual factors and were able to stratify analyses according to menopausal status. Almost all melanoma cases were ascertained through pathology reports, which allowed us to perform stratified analyses according to melanoma site and subtype. Moreover, findings were adjusted for the main established melanoma risk factors (i.e., pigmentary characteristics, mean daily ultraviolet radiation dose in the region of birth and in the region of residence at baseline, education), although sun exposure patterns were not available. However, although the role of sun exposure on melanoma risk has been well established in ecologic studies (40, 41) , analytical epidemiologic studies typically fail to show robust associations; therefore, we speculate that adjustment for this factor would have had little effect on our findings. In addition, our results were quite stable after adjustment for ambient ultraviolet radiation dose in the regions of birth and at baseline. Endogenous hormonal factors were self-reported by the participants, which may have induced some level of recall bias and misclassification. However, we found a high level of reproducibility in age at menarche, menopausal status, and age at menopause; also, because systematic errors in the report of endogenous hormonal factors are unlikely to be differential between cases and noncases, overestimation of effects is unlikely to have occurred. Finally, no correction was made for multiple testing and, given the multiple tests performed, we cannot exclude the possibility that some of our results may have occurred by chance.
In conclusion, our findings from this large prospective cohort study may suggest that melanoma risk is reduced with decreased exposure to ovarian hormones. However, no clear dose-dependent trend was observed in our data, and additional epidemiologic studies are needed to prospectively examine these relations while including sun exposure measures collected prior to melanoma diagnosis, in order to adequately take these factors into account. Experimental studies should further explore the influence of sex hormones on melanoma and other melanocytic lesions to help improve our understanding of this complex disease.
